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COF HEPTACHLOR CONTAM NATI ON
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WLLI AM FOSTER and RICHARD E. JUST*

Cases of accidental chem cal contanmination of food sources are occurring
with increasing frequency. Measurenent of consumer welfare |osses in such
cases has presented difficult problems. Direct consuner questionnaires are
unreliabl e because of strategic bias (consuners may overstate |osses if they
think it has possibilities for inproving their situation). On the other hand,
assessing losses by estimating the nunber of individuals that will be affected
and multiplying by an average |oss per person (estimating actual ex post
| osses) is a highly tentative approach because scientific and medical research
estimates regarding the nunber of people actually affected (e.g., contracting
cancer) are highly inaccurate. Also, the many neans of estimating |oss per
person actually affected (inplicit value of life from other conparisons, cost
of treatnent, and value of work time |ost) produce conflicting results
[Weinstein and Quinn (1983); Linnerooth (1979)]. Mreover, such ex post
measures of consumer |oss conpletely ignore the welfare |oss associated with
risk, i.e., the psychological costs of worrying about the possibility of
contracting cancer, having deformed children, etc. As in the case of pro-
duction under uncertainty, uncertainty about health effects has an inportant
wel fare effect whether or not the worst fears are realized (1) because deci-
sions are consciously altered to avoid uncertainty and (2) because, in lieu of
choosing an uncertain alternative, an individual may prefer a less uncertain
situation even if he nust give up sonething to obtain it [Just, Hueth, and

Schnitz (1982); Pope, Chavas, and Just (1983).] These effects contribute to



social welfare loss unless the uncertainty can be shifted to a risk-neutra
party; and, in the case of health risks, such a shift nmay not be possible--
some individuals may not be willing to accept any payment in lieu of their
life or health.

Because revealed preference is the only way to neasure how much consumers
di scount the value of a consunption good due to acconpanying health risk
(other than the dubious direct questioning approach), this paper focuses on
devel oping the reveal ed preference approach to neasurenment of consuner |osses.
Estimation through observed behavioral data, however, also has problens be-
cause consuners usually have limted information about the true health risks
i nposed by various types of contanmination. Excessive coverage in news nedia
may lead to a consuner “scare” and, thus, cause unnecessary “avoidance costs”
for consuners who consune |ess of the contam nated good than they would with
perfect information. ©On the other hand, intentional w thholding of informna-
tion by polluting industries or governnent agencies nay |eave consuners un-
aware of a health risk in which case they would consunme nore than with perfect
i nfornmation.

Two recent studies have begun to develop a reveal ed preference nethodol ogy
for estimating consuner |osses due to specific chemcally related health risks
Shul stad and Stoevener (1978) analyze a case where demand for hunting shifts
with infomation regarding mercury contamnation in Oregon pheasants. They
cal cul ate consumer surplus per hunter per season using demand-for-hunting
equations estimted from survey data. Surplus losses due to the contam nation
are found by taking the product of the per hunter surplus and the reduction in
nunber of hunters attributed to information regarding mercury in pheasants.

Swartz and Strand (1981) exami ne a case where observed shellfish demand



declines with information concerning the possibility of kepone contam nation
of oysters in the James River. They use an index of newspaper articles about
the pollution of Virginia's James River to account for consuners' changing
perceptions of product quality. Losses in welfare are calculated fromthe
changing area under the market demand as it shifts with changes in the infor-
mation index. A significant negative |lagged effect of news reports on demand
Is found although, after four periods (eight weeks), the |agged index of
information has a positive effect on demand.

The Shul st ad- Stoevener paper provides an inportant extension of previous
environmental literature by recognizing that individuals change their.behavior
in response to information to avoid pollution and that avoidance reflects a
social cost. The Swartz and Strand study makes a further contribution by
recognizing that information may be inperfect. However, both of these studies
suffer from sone serious shortcomings. First, they use measures of inforna-
tion that may be very poor. Colum inches of newspaper articles or numbers of
articles, even weighted for specificity, may be poor neasures because consumer
valuations of the information are subjective. They nay be influenced nore by
whet her articles appear on front pages, or if stories are also carried on
television, or if consunmer action groups are also involved in publicizing or
circulating petitions. A consumer action group that is working actively on
public awareness relating to a food product in the parking lots of grocery
stores can have an inportant effect for which direct data are usually not
obtainable. Mre inportantly, background information in various news stories
can lead to nuch different subjective evaluations of the same data on con-
tam nation depending on how the evaluations are presented. Al of these

possibilities cannot be represented by a one-dinensional information variable.



A second aspect of such problens that |acks explicit consideration is

consuner uncertainty. \Wen news of contanmination first breaks, it may cause
considerabl e uncertainty and lead to “panic” avoi dance because consuners do
not know what to believe. Early news stories may be conflicting, whereas
eventual |y nore facts are understood and uncertainty declines. Furthernore,
consumers usual ly face considerable uncertainty in translating contam nation
l evel s into probabilities of health [oss or death given consunption. The
accuracy of news stories in this regard depends on the extent of available
medi cal research.

A third problem has to do with differentiating between correct and in-
correct information in deciphering the associated welfare effects. In the
Shul st ad- St oevener framework, an additional newspaper story reduces welfare
regardl ess of whether the story is correct or incorrect and regardl ess of
whet her it suggests nore or less contanination than previous stories. Thus,
iIf news were sinply not released, consumers would incur no “measured” welfare
| oss even though consumers nmay be consum ng excessive nercury |levels. A
desirable framework should provide an appropriate way of calculating welfare
| osses to consuners in cases where news of contamnation is wthheld or
undi scovered for sone time. |f a consunmer attaches a given discount for
uncertainty to a contaminated good, then he will presumably incur the as-
sociated loss (worrying, etc.) even if he only learns that the good was
contami nated after consunption. The Swartz-Strand analysis alternatively
suggests that, if information incorrectly suggests contamnation and it is
withhel d until after most consumer decisions are made, then little welfare
loss occurs. The Swartz-Strand approach denonstrates possibilities for

measuring unnecessary avoi dance costs assumng that information is



i nappropriately leading consumers to believe that contam nation has taken
place. A common case, however, is where some contanination takes place, and
some information overstates the |evel of contam nation. Thus, a framework, is
needed to conpare consumer welfare among situations of no contam nation
contam nation with correct information, and contami nation with observed
i nperfections in informtion

The purpose of this paper is to introduce an approach appropriate for
handl i ng these issues. The approach considers consuner decision making under
uncertainty and uses an exact welfare calculation based on the expenditure
function. In the follow ng section, a nodel of consumer response to changes
in a perceived probability distribution of contamnation is devel oped. The
succeeding section conpares appropriate welfare measures with the classica
Marshal [ian surplus. Then welfare neasures reflecting consuner loss with dif-
ferent types of inperfections in information are devel oped--withheld inforna-
tion about contamnation, excessive reporting of contamnation, etc. Finally,
an application of the framework to the 1982 heptachlor crisis of mlk in
Hawaii is presented. News of mlk contam nation by heptachlor--a pesticide
used in pineapple production--was released in Mirch, 1982, and caused nonthly

m |k consunption on QCahu to decline by over 80 percent the follow ng nonth.

. A MODEL OF CONSUMER RESPONSE TO CONTAM NATI ON UNCERTAI NTY

In order to examne the change in consumers’ welfare associated with a
change in perception of health risk, consider first the behavior of an in-
di vidual consumer. Suppose a representative consuner is faced with the prob-
lemof allocating a given income between milk and all other goods. Suppose

sone quality characteristic associated with each unit of mlk determ nes the



max U(x, m, 6) = Ee[a(x, m) ]
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for which the first-order condition is
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assuming this condition is solved by some positive x and y = m- px.
To consider the conparative static behavior of the consumer in this frane-

work, suppose quality is a random variable represented by
q=H + o€

where u = Ee(q), o represents a nean-preserving spread paraneter (Sandn),
and the distribution of € represents other paraneters in . Then total dif-
ferentiation of (2) can reveal the effects of changing information about quality
as represented by the mean, p, and the uncertainty or dispersion, o. First,

dx _ _ 3% U/ax B

du au /ax2

From concavity of the utility function, the second-order condition of the

fixed quality problem

must hold for all quality levels. Thus, the second-order condition for (1)
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must hold. Al so, using assunptions above,
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Thus, dx/du > 0 so nilk consunption responds positively to an increase in

the nean of the subjective distribution of quality.

Simlarly, the effect of a change in consumer quality uncertainty can be

found by exam ning

3% U/ox a0

dx _ _ '
do 5% U/ax2

Noting that
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the methods of Sandmo yield 3 U/3x 30 < Osince

30 _ du o 2u 33U2<0,
ax aqz 9x qu ay aqz 83X 8q

i .e., for some function f(q), 3Eg [£(q)1/80 < 0 if 32 £(q)/3q2 < 0. Thus,
dx/do < 0 so an increase in mlk quality uncertainty causes a decrease in
m |k consunption when the nean of the subjective mlk quality distribution

remains fixed.



The results of this section are inportant because they show that the
effects of quality or contamnation information on consunption cannot be
reflected through a single information variable such as colum inches of
newspaper articles or nunbers of articles. [Information is a nultidimensiona
variable. Since a change in the subjective mean of quality affects consunp-
tion differently than a change in the subjective variance, the data on infor-
mation generally must be sufficiently rich to register their differentia
effects on these two inportant subjective paraneters. In particular, when an
initial “scare” leads to great consumer uncertainty which gradually declines
with nore information while the subjective nean quality declines sharply and
then, say, remains low, data on information nust be at |east two-dinensional

representing both the contam nation |[evel and uncertainty about the |evel
I1. EVALUATION OF WELFARE EFFECTS OF PERCEIVED QUALITY CHANGES

The most widely applied measure of change in a consuner’s welfare, brought
about by a change in prices, quality, and the [ike, is his “wllingness to
pay.” (For a discussion of wllingness-to-pay measures in applied welfare
econom cs, see Just, Hueth, and Schmitz.) This paper focuses primarily on the
conpensating variation associated with an altered perception of the quality of
m |k brought about by a change in information available. Wen infornation
whi ch woul d have induced sone response in the allocation of income is wthheld
from consumers, however, a better neasure of wllingness to pay is the
conmpensating surplus. After considering these neasures in the context of a
change in quality or health risk, the paper turns to the problem of evaluating
them using market data. For the conpensating variation, the exact approach

offered by Hausman (1981), Hanemann (1982), and Just, Hueth, and Schmtz
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ae(p, U, 8)

hip, T, 8) = 35 (3)

These two properties are usually presented in a nonstochastic context but they
hold in this case as well, given the assunptions above (Just, Hueth, and
Schmitz).

The willingness to pay for a change in the probability distribution of
quality of mlk or health risk can be represented using either the indirect
utility function or the expenditure function. Consider a change in informa-
tion about quality or health risk which can be indicated by a change from
6y to 6. Hol di ng other things constant, the conpensating variation is defined
as the amount required to be added to incone (possibly negative) in order to
keep the consumer as well off after the change as in the initial state if he
is free to adjust his consunption in response to the (quality} change. In

terms of the indirect expected utility function, this measure is defined by

V(po, mo + C\f’ el) = cho, mo, 90) = UO

where Uy is the initial utility level or, in terms of the expenditure function,

The change in area under the conpensated demand curve at the initial utility
| evel corresponds to this measure of consunmer |oss (gain). Thus, the conpensa-
ting variation is a willingness to pay for the original quality distribution in
lieu of the new one as revealed by actual behavior or demand choices. Sim-

larly, the equivalent variation is defined as the anount required to be taken
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away from income (possibly negative) in order to keep the consuner as well off

inthe initial state as he would be if the change took place, i.e.,

V(pg, my - EV, 83) = V(pg, my, 87) = U;
or

EV = e(po, Ul, 91) - e(po, Ul, 60) = mo - e(po, Ul, 60)'

Defining p(6) as the lowest price where the conpensated demand curve neets
the price axis, i.e., h(p, Up, 8) = 0 (infinity if it does not), one finds
from(2) and (3) that

p(e.)

p(eo) p(e,

vV =r
Py

. hl(p, Ugs 61) dp,
assuming no externalities so that any change in quality of mlk does not
affect utility if mlk consunption is zero (Just, Hueth, and Schmtz). The
equi valent variation can be calculated simlarly by conditioning on the
subsequent rather than the initial utility level

Figure 1 presents a graphical representation of the conpensating variation
when perception of quality or health risk changes. An indifference curve
I(UO, eo), represents the initial iso-utility trade-off between mlk, x, and
all other goods, y. A change in information alters the preferences over nmilk
and other goods. The new utility-maximzing trade-off attainable at the sane
incone |level is represented by I(Ul,el). The initial bundle of goods is
(xg> ¥o) at the tangency of I(U,, 64) and the budget line, m- px. The new
bundl e (xl, yl) is at the tangency of the budget line and I(U;, 8;); Usis the
new level of utility. Assune Ul < UO consistent with a deterioration in the

subjective quality distribution; that is, suppose the new probability
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Figure 1. Consumer Loss with Quality Deterioration.
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distribution of quality leads to a decline in expected utility and, thus, a
substitution away frommlk. In the case where quality is normally dis-
tributed, this would inply a decline in the mean, an increase in the variance,
or both.

The conpensating variation for a change frome0 to 6, is determ ned by
finding the indifference curve associated with the initial level of utility and
the new i nformati on, I(UO, 61), and noving the budget line upward in parallel
fashion until tangent with this indifference curve. The income, consistent with
a budget giving UO for 6 less the initial income, is the conpensating varia-
tion, CV. Note that this calculation assunes the consunmer is able to alter his
budget allocation to avoid some of the |osses associated with a change from 6,
to Gl since he adjusts to a tangency of the indifference curve with the new
budget line. If the initial bundle were maintained, the consunmer's utility
woul d be U,, represented by I(Uz,el).

The conpensating variation can be graphically displayed in another fashion
as in Figure 2. Here the consuner welfare loss is represented by the dif-
ference in areas under the H cksian denmand curves with different subjective
quality or health risk distributions, 60 and el. The conpensated demand for
mlk under the new perception of quality, €4, is lower for every price than the
conpensat ed demand under the initial 60, again representing a substitution away
frommlk. The conpensating variation is given by the area under the initia
demand, |ess the area under the new demand, or area abcd. Figure 2 also dis-
plays the Marshallian market demand curves with quality perpentions under R
and 61. The Marshallian consuner surplus is the difference in the tw areas

under the Marshallian demands, area efcd
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Figure 2. Measurenment of Consuner Loss from Consumer Denand
Behavi or
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[T1. THE COST OF | GNORANCE AND THE ROLE OF | NFORMATI ON

The use of conpensating or equivalent variations is appropriate for the
eval uation of welfare changes due to changes in consumers’ information
regarding quality or health risk when consunmers are free to adjust to the
information. Wen consumers are not given certain information that could
alter their behavior, however, they have no opportunity to avoid possible
wel fare |osses or take advantage of additional gains by changing budgetary
allocations. A different neasure of welfare is needed to account for this
cost of ignorance. The appropriate wllingness-to-pay neasure for evaluating
a welfare change relative to the initial situation when consunption quantities
are not free to adjust is the conpensating surplus. Conpensating surplus is
the amount of noney required to be added to incone (possibly negative) in
order to keep the consumer as well off after the change as in the initia
state if he is not free to adjust consunption quantities other than of the
nuneraire. In the case of the mobdel in this paper, the nuneraire is good y.3

To consider measurenment of conpensating surplus using reveal ed preferences

as observed in demand behavior, define the restricted expenditure function

;(p, Uy» 8, xo) = min px + y
X,y

subject to

X = X
and

E {U(XO’ q,’.- Y)} 2 UO
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The conpensating surplus is defined by
CS = e(po, Ups 615 XO) - e(po, Ups 8> xo) = e(po, Ups 89> xo) - m.

Gaphically, this measure can be illustrated as in Figure 3 for the two-
good case. As in Figure 1, a change in information fromé,to 6; alters the
indifference curves for mlk and other goods. Holding mlk consunption at Xg>
an income of my + CS IS necessary to achieve the initial level of utility, UO’
with the new perceptions of quality or health risk given the initial consunp-
tion level that would occur in ignorance. The additional cost of restricting
mlk consunption--the cost of ignorance--is sinply CS - cv.t

Two final notes are in order concerning use of the conpensating surplus
for cases where information is withheld. First, the conpensating surplus
measure above assumes the consuner does not remain in ignorance. Fol|ow ng
the ol d cliche, “ignorance is bliss,” if the consumer never |earned of the
contam nation problem (and never experienced the adverse effects that are
possible), then a welfare | oss would not be realized. The assunption here is
that correct information materializes soon relative to the tine required to
determ ne whether a particular consumer is one of those who experiences the
wor st possible effects (e.g., contracts cancer). Thus, essentially the sane
worry, concern, and uncertainty--in addition to real costs in the case of
adverse consequences-- are incurred as if consunption were undertaken wth
correct information.

A second consideration is that the consuner may not nmake a change sinply
froma state of no information to either perfect information or continued
ignorance. \Wen news of contanination breaks, it may be over- or understated

initially. For exanple, contanminating industries or governnent agencies may
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Figure 3. Consuner Loss with Quality Deterioration and
W t hhel d Infornation.
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(consciously or not) downplay the extent or significance, while news coverage
may overstate the extent or significance. Suppose that initial information is
correct and is described by 90, that the information changes to 61, and t hat
correct information is given by ez. Then the consumer is influenced to adjust
only to the information base, 63 thus, he consumes the associated quantity
of mlk rather than what he would consume with correct information. The as-

sociated welfare effect conpared to the initial state is, thus,

- 5 -
elpy> Ugs 815 x;) - elpy, Uy, 87, %)) + e(pg> Uy, 8;) - elpg, Uy, 8p)

-~ *
= e(po, Ups 815 xl) - e(pD, Up> 60)

since ;(po, Ugs 615 xl) = e(po, Ugs 81), i.e., X, is consumed voluntarily at

(po, UO’ 61).

Alternatively, both the initial information and the information after the
change may be incorrect. This may be the case if news of contam nation has
al ready appeared and is partially corrected. Suppose available initial in-
formation is described by eo, correct initial information by 63, avail abl e

*
subsequent information by 6 and correct subsequent information by 8.

19
Then the neasure of welfare change nust take account of errors in the initia
al location of income as well as the subsequent allocation of incone. The

appropriate neasure of welfare conpared to the initial situation is

~ * i %
e(po, Uo, el Xl) - e(po, Uo, eO, XO).
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|'V.  MEASURI NG VELFARE CHANGES FROM MARKET DATA

Data regarding changes in perceived probabilities of quality levels are
usual ly not available in cases where there have been unexpected changes have
occurred in the consumers’ environment. Available data are typically observa-
tions on consumer incone and prices and quantities of goods exchanged. In
addition, some variable may be available that reflects information by which
consuners form their subjective probabilities. This section considers how
changes in welfare can be eval uated using observed demand schedules, i.e.
reveal ed preferences before and after changes in the environment or in infor-
mation. Marshallian surpluses can be directly calculated from econonetrically
estimated demand curves. Alternatively, duality can be used to derive exact
estimates of conpensating or equivalent variation by use of market demands
(aside fromstatistical error). Hausnman, Hanemann; and Just, Hueth, and
Schmtz show how the consuners’ expenditure function or indirect utility
function can be used to interpret observed data for this purpose by taking
advantage of the theory of consuner behavior.

First, follow ng Hausman and Hanemann, note that the Marshallian demand
curve for a good satisfies Roy's identity:

_3V(p, m, 68)/3p _
Vo m6)/am = X(P> m, ).

Maintaining utility at a constant level (remaining on an indifference curve),

price and incone nust satisfy

0.

avipd(t), m(t), 61 , dp(t) , avip(t), m(t), 6] , dm(t) _
3p ot om ' dt
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Therefore, incone can be expressed as a function of the changing price

%ﬁ = x(p, m, 6)
which is a differential equation and can be solved to obtain the expenditure

function
m(p) = glp, 6, k) = e(p, 6, U)

where k is a constant of integration that need not be known for calculating
the differences in expenditure functions required for the welfare evaluation
bel ow.

Wthout |oss of generality for welfare purposes, one can thus set k =
V(p, m ©); and the indirect expected utility function inmmediately follows
fromthe estimated demand. Using the expenditure function derived from the
observabl e demand, exact neasures of conpensating and equival ent variation can
be derived as discussed earlier. This nethod of deriving the expenditure
function offers only a local solution but suffices since only point estinates
of the expenditure function (at 69 and 61) are needed.

One of the major advantages of beginning with or retrieving a representa-
tion of the indirect expected utility function underlying the observed market
demand schedul e, however, is the added ability to neasure the costs associated
with the absence of information relevant to consumer behavior. As discussed
in the previous section, the conpensating surplus can be evaluated using an
expenditure function restricted such that the consunption of the good of in-
terest is fixed. Such a restricted expenditure function is not directly

derivable froma Mrshallian demand. Neverthel ess, the value of the
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conpensating surplus can be indirectly determned once the unrestricted

expenditure function is recovered.

The procedure for obtaining the conpensating surplus can be illustrated
for the two-good case as follows. Suppose prices, income, and infornation are
at initial levels and a change in the environnent occurs represented by a
shift fromeO to 61. Then consider finding a price, Pq> such that the
conmpensat ed demand at that price and with information paraneters, el,is
equal to the initial level of consunption, Xg that is, h(pl, UO’ el) = Xg-

The conpensating surplus can then be cal cul ated by
Cs = [elpy, Uy, 81) - Py xg) - elpg, Ups 64) - py %]
= elpy, Upy 61) - my + (pg - py) X5

since the only difference in the subsequent situation with Py versus pg is
the difference in expenditure required to purchase xg. The cost of

i gnorance is, thus, determned by

CI = CS - CV = elpy, Uy, 87) + (py - py) xg - elpy, Uy, 6,).

The price difference, Py - Py, cCan be regarded as a neasure of the subs-
titutability between goods x and y at the initial levels of utility and
consunption but with new information. As Py approaches Py» the cost of
i gnorance approaches zero.

The enpirical validity of this approach to calculating changes in welfare
due to changes in infornmation depends on how the paraneters in & enter the
specification of the econonetrically estimted denmand. First, the paranters

in & should influence demand in a plausible way. For exanple, the
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(pp. 412-416) to determne exact neasures of consumer welfare effects is em
pl oyed. For the conpensating surplus, this approach is extended sonmewhat to
make further use of the consunmer’s response to prices.

Suppose the solution to the consuner’s problemin (1) is represented by
X* = x(p, m ©), a function of prices, income, and distribution paraneters in 8.
The expected utility evaluation at optinal consunption levels can be repre-

sented by the indirect expected utility function
V(p, m, 8) = Eg{U(x*, q, vy*)},

where y* = y(p, m 8) =m- px*. The dual approach to this problemis to
consi der the expenditure function, mnimzing the cost of attaining at |east some

given level of expected utility T,

e(p, U, 8) =min (px + y)
X,y '

subject to

Ey{U(x, q, y)} > T.

Both the indirect expected utility and expenditure functions have inportant
properties for welfare nmeasurenent. First, Roy's identity reveals that the
observed market demand curve is the partial derivative of V(p, m 6) with

respect to price divided by the marginal utility of incone,

_ 3v(p, m, 8)/3
x(p, m, 8) = - avip, m, 6)/3m"

Second, the partial derivative of the expenditure function, with respect to

price, yields the Hcksian demand curve conpensated for the level of utility, U,
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paraneters cannot sinply be added as shifters. To illustrate, consider a

i near demand curve estimated as

x(p, m, 8) = ap + Bm + Y6.

This specification my |lead to a good econometric “fit,” but it inplies the

underlying expenditure function (see Hausman for details)
e(p, U, 8) = P U - %-(up +-% + Yé>,
which can be represented as
e(p, U, 8) = e;(p, U) + e,(6).

The conpensated demand curve for the good of interest, therefore, is not

dependent upon the information change

se(p, U, 8) _ 2¢1(P> U

- Bp
3P PV

Such a result suggests that the parameters of the quality or health risk
distribution do not affect the consumers' welfare and, in particular, are

theoretically inconsistent with the conparative static results of section I.

According to theory, a reduction in the nean or an increase in the variance of
the quality distribution leads to reduced consunption for all income and price
| evel s.

Anot her consideration is the influence on welfare of information on
quality when the good is no longer or barely consumed. For the case of the
| inear demand curve above, changes in @ result in the sane changes in con-

suner welfare at all price levels. An appropriate specification should
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yield small changes in welfare due to quality-related parameters when the

price of the good is very high and quantity consumed is very |ow.
V.. AN APPLI CATION TO THE HEPTACHLOR CONTAM NATION OF M LK IN HAVA |

Heptachlor is a highly toxic pesticide and carcinogen used by pineapple
producers on the island of Gahu to kill ants upon which the meal ybug depends.
The meal ybug is responsible for the damage of pineapple plants by secreting a
substance that withers roots. Pineapple |eaves and stens have been used as a
fodder (called greenchop) for dairy cows because they are a cheap substitute
for cattle feed inported fromthe mainland. Prior to 1982, dairy cows on Qahu
were fed greenchop with residues of heptachlor, and the pesticide was passed
on to humans through the consunption of |ocal dairy products

Essentially, the entire population of QGahu (approximately 800,000) was
exposed to heptachl or-contamnated mlk since no fluid mlk was inported. The
Department of Health of the state of Hawaii has estinmated that dairy products

contained 15 times the official acceptable |level of the pesticide for adults.5

Children may have been subjected to a greater |evel of exposure than adults
because of their nore frequent consunption of mlk, particularly in schools.6
Moreover, heptachlor was found in nmother’s mlk and in infant’'s formula; thus,
newborn infants, who are at greater risk from such toxins, were also exposed
(Honol ulu Advertiser 4-6-82, p. Al; Honolulu Star-Bulletin, 4-6-82, p. Al).

The public first becane aware of the contam nation problem on March 18,
1982, when the state’s Health Department announced preparation to confront the
rise in pesticide levels in mlk. Throughout the next several nonths, the
press followed the contamnation crisis, offering consumers sonetinmes bew | der-

ing information on the safety of available mlk supplies. The nonths of March
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and April, 1982, saw spectacular and troubling headlines addressing the issue,
sone of which are presented in Table 1. During these two nonths, daily mlKk
consunption dropped from 32,259 gallons for February to 5,405 gallons for

April (Table 2). By the beginning of My, however, the nunber of headlines in
Honolulu’s two nmajor newspapers regarding the contam nation of available sup-
plies had declined from approximately 20 per week (imediately follow ng the
first disclosure) to approximately 4 per week.

After My, 1982, little or no information was found in newspapers suggest-
ing continued contamnation of mlk on store shelves. |Indeed, the reports
were encouraging and indicated that available mlk was safe and that quality
restrictions were being tightened (Honolulu Star-Bulletin, 5-20-82, p. Al
Honol ul u Advertiser, 9-24-82, p. Al). Consuners, however, renained wary
t hroughout the bal ance of 1982, and consunption returned slowy to historic-
ally normal levels (Table 2). By the end of August, 1982, the Honolulu
Advertiser (page Al) reported that 40 percent of the residents of Gahu were

still uncertain about the quality of milk available. As further evidence
continuing public concern about the quality and health risk of Hawaiian mlKk

| ed Safeway Stores, Inc., to apply for a license to inport California mlk to
Hawai i based, in part, on a public survey that verified |ower quality percep-
tions of mlk produced on Oahu.7

One of the nore disturbing aspects of this episode is the evident hesi-
tance of state authorities to disclose information before the public becane
aware of the possibility of contamnation. The state's Senate Committee on
Health criticized the Departnent of Health for delaying the release of in-
formation to consuners (Honolulu Advertiser, 4-1-82, p. Al). Substantia

political acrinony arose over this issue after the initial public
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TABLE 1

A Sanpling of Honolulu Newspaper Reports

Concerni ng M | k Contamination@

Dat e

Sanpling of newspaper reports

Mar ch

Mar ch

Mar ch

Mar ch

Mar ch

Mar ch

April

Apri |

April

18,

24,

26,

28,

1982

1982

1982

1982

1982

1982

6, 1982

7, 1982

15,

1982

Departnent of Health officials prepare plan of
action to deal wth contam nation of Island
mlk by pi neapple pesticide (heptachlor).
(Star., A3)b

Departnment of Health orders whole mlk and
some other mlk products off Cahu grocery
shel ves because of pesticide. (Ad., Al
Star., Al)

Health officials try to assure residents that
withdrawn mlk was not really dangerous.
(Ad., A1)

State Health Departnent orders all of Meadow
Gold's 2 percent mlk from store shelves after
test shows unacceptably high heptachl or

level. (Ad., Al; Star., Al)

State Departnent of Health clears two nore
dairy farms, bringing total of five w thout
heptachl or; fourteen Cahu dairies continue to
have excessive anounts of pesticide in mlKk.
(Star., Al)

1,600 quarts of Foremobst mlk removed from
Vi ki ki store shelves in third recall of
pesticide-contamnated mlk by State Depart-
ment of Health. (Ad., Al, Star., Al)

Tests show nother’'s mlk contam nated with
heptachlor. (Star., Al)

MIk recalls are over; Department of Health

announces plan to test all mlk products be-
fore they reach store shelves. (Ad., A4,
Star., Al)

Experts dispute safety of mother’s mlk in
heptachl or controversy. (Ad., A4; Star., Al)

(Continued on next page.)
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Dat e

Sanpling of newspaper reports

April 21,

1982

May 20, 1982

Sept enber 27, 1982

Decenber

24, 1982

State Health Department recalls nore Meadow
Gold dairy products; forbids dairy to use Cahu
mlk until it can insure that the mlk it
markets is “whol esone.” (Ad.; Al)

Departnent of Health Director, Cark, says
heptachl or levels in mlk supply dropping
steadily. (Star., Al)

Advertiser Hawaiian poll shows that 40 percent
of residents are still uneasy about heptachl or
in mlk., (Ad., A

Departnent of Health unexpectedly finds traces
of heptachlor in Meadow Gold inmtation mlk.
(Ad., A3)

aFor a conplete review of Honolulu newspaper articles on hepta-
chlor, see Index to the Honolulu Advertiser and Honolulu Star-

Bul letin,

ed. Janes Hunt; published by the State of Hawaii.

bad, = Honolulu Advertiser, Star = Honolulu Star-Bulletin, and Al,

A3, etc.

= the section and page nunber.
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TABLE 2

Fluid Consunption of Fresh MIk in Hawaii
January, 1981-August, 1983

Mont h 1981 1982 1983
gal | ons per day

January 34, 556 31, 821 28, 668
February 34, 947 32, 259 28,905
Mar ch 32, 127 16, 402 31,681
April 35, 520 5,405 31, 299
May 34, 858 15, 221 31,571
June 30, 590 20,611 26,972
July 31, 304 22,215 27, 267
August 30, 943 22,873 28, 345
Sept enber 34, 434 24, 843 a
Cct ober 33, 527 23,131

Novenber 31,729 23, 296

Decenber 31, 002 23, 852

aBlanks i ndicate data not avail abl e.

Source: State of Hawaii, Departnent of Agriculture, Division of MIKk
Control (1977-1983).
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reports of contam nation (Honolulu Advertiser, 7-24-82, p. A3; Honolulu Star-
Bulletin, 7-29-82, p. A3, and 8-5-82, p. Al].

To examne the consumer welfare effects of these devel opnents, the Hawai
m |k demand curve is estimated using nmonthly data on income, prices, and mlKk
consunption in_H@Myj;_“_Ihg_gstypgigg demand parameters are used in calculat-
ing conpensating and equivalent variations for several nonths follow ng the
first disclosure of contamnation. The Marshallian estinmates of consuner sur-
plus are also presented for comparison. Finally, the nmagnitude of additiona
monthly | osses due to the withholding of information prior to March, 1982, are
estimated. Al though consunption in the months of March and April, 1982, was
affected by Departnent of Health recalls, the statistics reported bel ow assune
that the recalls are consistent with voluntary choices consuners would have
made with the same information. Nevertheless, this assunption only affects
| oss estimates based directly on March and April, 1982.

For the purpose of specifying demand, intuition inplies that changing per-
ceptions of health risk have a decreasing effect on mlk demand and consuner
wel fare as the amount consunmed decreases and that no additional |osses in
expected utility occur with further increases in the health risk if consunp-
tion is zero. A so, comon sense indicates that the conpensated demand curve
is affected by perceptions of health risk in the sane qualitative nmanner as
the nmarket denmand al t hough not necessarily to the same degree. A denmand
specification linear in the natural logarithnms of the explanatory variables
has these properties. Thus, let demand be represented by a function of the

form

- a B
X, = ft(et) P, Mg
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wher e ft(e) is a function of the paraneters of the subjective health risk
distribution and other determnants of demand, and the t subscript is added to

index observations. In particular, 6 represents the information consuners

have regarding health risk

The indirect expected utility associated with this demand is of the form

1-8 1+
Vip., m., 8.) = T £.(8.) pe
t> M Yt T T - B

l+a
from which the expenditure function is
1\ ]1/1-8

P
e(pt, Ut, et) =1 (1 - B) <§t + ft(et) ifﬁfzg

Note that, as Pt increases, the effect of the quality parameters in 0

on expenditures decreases as long as 1 + ¢ < 0. Aso, as the relative price
ratio, Py > approaches infinity, the expenditure function approaches

[(1 - B).U]l/(l-s) which i's not dependent upon @,.

Finally, consider specification of ft(et) to account for other de-
termnants of demand and the uncertainty surrounding health risk that followed
the initial announcenents of heptachlor contamnation. Two najor alternatives
exist for specifying £.(8.) to model changing information. The first involves
specifying a dummy variable for each time period in which contanmnation infor-
mation changes. The second invol ves specifying ft(et) as a function of the
moments of the subjective health risk distribution and then specifying each
moment as a function of actual information data. In either case, however,
information must be recognized as a multidimensional variable if new but
conflicting information of contamnation can lead to increased uncertainty as

wel | as a decline in average quality perceptions. Wth the dummy variabl e
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approach, the dimensionality of information is not limted, but errors in es-
timating other paraneters of demand and, thus, attributing renmining variation
to changes in information occur if information changes in too many observa-
tions of the sanple. Wile the nmoment function approach does not suffer from
these problens, the dinensionality of information is limted to, say, men and
variance; and data may not be sufficient to identify all the paraneters of the
monent functions and of the noments in ft(et) unl ess a sufficient nunber

of observations reflect changes in information. A so, problens may be encoun-
tered in obtaining data on all sources of information that may be affecting
consuner perceptions.

Because of these data problems and because a relatively snmall proportion
of the observations in the data set used here reflect changes in information
the dummy variable approach is used. Qher determnants are included in a
standard log linear conponent. Thus, £.(6.)is of the form

ft(et) = ASI eXp{‘Sdt + TEO a D, + b(1 + t) D {3
wher e Sy is the price of a substitute; dt =1 if school is in session and
dt = 0 ot herwi se; DtT = 1 if the observation represents month T where infor-
mation is changed and Dt = 0 otherwise; D: =1 if the observation represents
any month following the first disclosure and D: = 0 otherwise; and A v, &,
a, b, and ¢ are unknown parameters. That is, t indexes nmonths in 1982 with
t =0in Mrch, t =1 in April, etc. Presumably, a large decrease in consunp-
tion occurred initially due to the changes in infornmation; also, the uncer-

tainty regarding health risk supposedly declined over tine once news releases
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indicated safe heptachlor levels innmlk. The latter termin brackets is in-
cluded to represent this decline since b(1 + t) “+>wast > o Possibilities
for representing this decline in uncertainty through the particular specifica-
tion used here are shown in Figure 4 for several values of c. The long-run
effect of information released in month t is the coefficient, a, whi ch
shoul d be nonpositive for March and April, 1982, since news of contam nation
was released and the subjective health risk distribution was presumably worse
than before . As is discussed above, newspaper reports indicated that mlk
supplies on store shelves were safe after April, 1982; and no evidence sug-
gests that mlk was actually unhealthy at that time. Therefore, the |ong-run
effect of information is presuned to be the sane as prior to contamination for
the months followi ng April (i.e., a, = 0 for t =2, 3, etc.).
This specification for ft(et) I's convenient since it can be interpreted
in terns of the consuners’ perceptions of mean and variance. |f any changes
in the quality distribution are conpletely characterized by nean and variance,
then the terma, can be interpreted as a proxy for the long-run nean effect
of the information released in nonth t; and the termb(1l + )¢ captures the
variance effect since uncertainty declines over tine. The data used to esti-
mate the paraneters of mlk demand are per capita nonthly consunption of fluid
mlk; nonthly price indices for mlk and neat products in the Honolulu area,
as reported by the Bureau of Labor Statistics (neat is the substitute); and
per capita incone for Haweiii.8 The estinmated coefficients of demand, using
monthly data from January, 1978, to July, 1983, are as follows (t statistics

are in parentheses):
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(1 + t)" ¢

i ") 1

0 1 C2 3 4 5

Figure 4. Gaph of (1 + t) % for c
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In x, = -0.56 - 1.30 * 1n (p./m) + 0.89 - 1n (s /m ) + 0.05 - d
t (-4.20) Ut (2.89) U (141 Ot

- 2.30_ + March - 0.46_ - April - 4.0z« (1 + 1) ->7 . pF
(-7.97) (-0.94) (-1.34) - (2.68)

where the names of the specific nonths are used to represent the D, dummy
vari abl es.

The results of the regression are intuitively plausible. The price
elasticity of mlk is negative. A mlk price elasticity greater than unity in
absol ute value seens |arge conpared to mainland studies but is explained by
the tropical climate. The price elasticity of neat (substitutes) is positive
and less than unity inplying that the income elasticity of mlk is less than
unity (B =-a -y = 1.30 - .89 = .41). The long-run coefficients on the
contam nation nonths are negative, as are the coefficients on the uncertainty
function, which is consistent with theoretical considerations

From the expenditure function, the conpensating variation for a change

frome g to 81 can be represented as

CV = e(po, Ups 1) - e(po, Up> 60)

. 1/(1 - 8)
£6) pg ¢ mgt  £(6)) pé*"ﬂ
B D B - v A w "o

L -8 Polxy - Xg) g |1/(1-8)
- {1 + a B -7 My ‘} "My

0
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wher e
1+ 1-B
U o= - £(8g) pp . Mo
0~ 1l+a 1-8
_ a B
a _B
Xl = f(el) po mo-

Simlarly, the equivalent variation can be represented as

EV e(P0> Ul’ 91) - e(PO: Ul’ eo)

{1 - g Pot¥g ~ ¥y 1—§}1/(1'B)
= my -

+ m
1 +a m(é 0
wher e

£(9;) pp™ mé-?
U =-—T13%a *"T-8

The change in the Mrshallian consumer surplus is given by

_ = a B o a B
AS = fPo £(6y) P my dp fpo £(6;) p~ my dp

1+a
8

p(xl - XO)
ST 1+ a

assuning 1 + a < 0,
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These three measures of consuner welfare |oss are conmputed for March, 1982,
through Septenber, 1982, based on the estimted equation above. The estimates
conpare the actual contam nation that occurred assumng correct consumer sub-
jective assessments of health risk with the hypothetical possibility of no
contam nation (and no news of contam nation) for each nonth. The estinates
are striking in several ways. First, the magnitude of loss is very high--
hi gher than the value of milk normally consumed in some nonths. This is,

i ndeed, possible and plausible, however, since H cksian demands are nore
inelastic than Marshallian demands, since the Mirshallian demand is close to
inelastic, and since consunption fell by such a large anount. Thus, the
change in area under the H cksian demand and above price can be larger than
the area below price and left of the initial quantity. A second striking
result, which is to be expected, is the very sharp increase in consuner |osses
initially and then the rather rapid and, finally, nore prolonged decline in

| osses (Table 3). However, the nonthly |oss declined below the value of fluid
m |k normally consumed under conditions prior to the heptachlor crisis only by
August, 1982.

Wi le the above results give some inportant information regarding the
magni tude of consumer |osses after information of contam nation became avail -
able, one of the greatest and nost controllable |osses nmay have occurred prior
to public awareness. For exanple, some reports indicate that public officials
may have been aware of the contamination problem as early as April, 1981,

11 nonths before the public was informed. Individuals who consumed mlk from
April, 1981, to March, 1982, still face the same risks from heptachlor con-
sunption as if they had been forced to consune normal anounts of mlk wth

know edge of heptachlor contanination. Thus, the associated welfare |oss from
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TABLE 3

Per Capita Consuner Welfare Losses
March, 1982- Septenber, 1982

Mar shal ['1an
Variation consuner
Mont h Conpensat i ng Equi val ent surplus change
dol I ars per nonth
Mar ch 6. 33 6.31 6. 32
Apri | 8.84 8. 80 8. 82
May 5.43 5.42 5.32
June 3.36 3.35 3.36
July 2.73 2.73 2.73
August 2.45 2.45 2.45
Sept ember 2.57 2.57 2.57

Source: Conput ed.
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contanination can be measured by the conpensating surplus, and the welfare
| oss associated with withholding the information can be neasured by the cost
of ignorance neasure defined in section IV.

To illustrate these concepts, suppose that appropriate information in,
say, February, 1982 (the month before the news release), should have led to
the same subjective distribution of quality that existed in April, 1982 (the
month after the release). To do this, let €, represent actual information
in February (information dummy variables in the estimted equation are al
zero) and | et 6, represent the hypothetically true information in February
as reflected by the actual information in April (information dummy variables
at April levels). Follow ng the nethodol ogy of section IV, a hypothetica

price p; was first found such that

se(py, Up» 0) ., £(e,) pl

(by nunerical nethods). Then the conpensating surplus (which conpares to re-
| easing correct information with no chance to adjust to information of con-

tamnation) is
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In this case, Py = $3.22 per gallon, P = 80 cents per gallon, Xy = . 909 gal I ons
per person, my = $971, and e(pl,l%y 61) = $978. 45. Thus, the conpensating
surplus is $9.85.

As one woul d expect, this inmplies a larger welfare |oss per nonth prior to
the release of information than after consumers are free to adjust and avoid
some of the contamnated mlk. The welfare loss (conpensating variation) in
April, for exanple, when consumers could nake nore inforned decisions, was
$8.84 by conparison. Thus, the cost of ignorance was apparently a little over

$1.00 per person per month for each month public officials withheld information
VI, CONCLUSI ONS

This paper has devel oped an approach for measurement of consuner welfare
| osses associated with health risks from chemcal contam nation. Estimated
actual cost criteria (value of life lost, productivity foregone, or cost of
treatment) ignore the effects of inherent risk and uncertainty that enter into
consumer eval uations of well-being whether or not actual costs are incurred.
This problem can be overcone through direct estimation of willingness-to-pay
criteria fromreveal ed preferences (actual demand data).

Anot her inportant point of this paper is that information about con-
tamnation is not a one-dinmensional variable. Early information may be spotty
and inconsistent and thus lead to increased uncertainty in addition to a per-
ception of a decline in quality. A multidinensional variable cannot be rep-
resented by a single index of news coverage. |In problenms where sufficient
data exists over a noncontam nated period just preceding a conparatively short
contam nated period (as in this study), a dunmy variable specification has

more flexibility in capturing all the effects of a changing subjective
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distribution of quality. However, separation of the effects into, say, a nean
effect and a variance effect becones nore arbitrary. By conparison, if con-
tamnation effects are to be calculated over many time periods, then estimates
of other paraneters may tend to stray because the dummy variables nake the
contam nation period ineffective in estimating price and inconme elasticities.
On the other hand, when many observations exist over a contam nated period,
observed data can be sufficient to consider estimating, say, both subjective
mean and variance functions for quality based on specific information and

di screpancy of information data on news stories. Such a specification can
facilitate use of sonme of the theoretical concepts of this paper not denon-
strated in the enmpirical work that relate to changing levels of contam nation
with changing but inperfect information on contamnation. This study chose
the dummy variable approach for sinplicity in illustrating the basic neth-
odol ogy and because the major changes in subjective health risk perceptions
apparently took place over a very short time following a period perceived to
be free of contam nation.

A final point that represents the nost inportant departure of this study
from previous work is that contamnation, prior to public awareness, causes
wel fare losses for consuners that can be neasured by reveal ed preferences.
Conpensating surplus can be used to measure willingness to pay when a consuner
Is not inforned and, thus, does not have the opportunity to adjust consunption
accordingly. Wile this measure cannot be calculated directly from estinmated
mar ket demand, it can be calculated indirectly by solving a related differen-
tial equation to find the expenditure function and finding a hypothetica
equivalent price. Results show that consumer |osses from contam nation when

information is withheld can be greater than after information is released. In
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particular, estimates for the Hawaiian heptachlor crisis show that consumer
| osses prior to consuner awareness in March, 1982, may have exceeded the
| osses incurred since and that over 10 percent of the losses incurred before

consumer awareness may be due to withholding of information by public

officials
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FOOTNOTES

*WIliam Foster is Research Assistant and Richard E Just is Professor of
Agricultural and Resource Econonics, both at the University of California
Berkeley. This research was supported by a grant from the Environnental Pro-
tection Agency.

1For the derivation here, mlk is assuned to be a good rather than a bad
for all levels of quality for sinplicity. This is not inconsistent with ob-
served behavior of zero consunption if mlk price is positive. However, the
framework can be easily expanded to consider 3U/3x < 0 for lowq if a re-
striction x > 0 is added.

2The |l atter assunption can be relaxed to a substantial degree but only
at a significant cost of conplication of presentation.

3

This is a sonewhat unusual definition of conpensating surplus nmade
necessary by the fact that welfare neasurenents here concern quality change
rather than the usual price change. However, as long as good y serves as the
numeraire, a change iny is equivalent to a change in income; thus, the wel-

fare effect can be measured equivalently by either a change in y or a change

in incone.

4Note that the usual definition of equivalent surplus, the remaining
candi date of Hi cks's four consuner welfare neasures, is not an appropriate
measure here since it constrains consunption levels to the subsequent adjusted
level --a level that would not be reached either before or after a quality

change in the case of withheld information. However, a simlar alternative

appropriate neasurenent would be provided by

ES = e(po, Up, 69, xO) - e(po, Uy 8gs Xg) -
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5For a further discussion of the heptachlor “crisis,” see State of

Hawai i, Senate Special Committee (1983).

QAfter the contam nation becane known, however, public schools offered
imtation mlk in place of whole mlk; see, for instance, the Honolulu Adver-
tiser (March 19, 1982, p. A7) and the Honolulu Star-Bulletin (March 19, 1982
p. A3).

7For a review of this issue, see State of Hawaii, Department of Agri-

culture (1977-1983).

8While meat is not usually considered as a substitute for mlk, severa
reasons lie behind its use here. First, meat is a nmajor conpeting source of
protein. Second, mlk does not have a good close substitute. For exanple
cereal and nmilk may be replaced by eggs and sausage, w th sausage being the
maj or cost item Third, mlk consunption in the tropical Hawaiian climate is
believed to behave differently than on the nainland where conparabl e studies
have been done. Finally, enpirical results supported the neat price specifi-

cation and failed to support inclusion of other nore common vari abl es.
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